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THE LITTORAL FISH ASSEMBLAGE IN UPPER NEWPORT BAY,

CALIFORNIA
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ABSTRACT

This study was designed to characterize the littoral fish populations by 1) composition and principal
species, 2) diversity and seasonal dynamics, 3) productivity, and 4) important environmental factors.

Monthly samples (January 1978 to January 1979) obtained with four quantitative sampling
methods at three stations in upper Newport Bay yielded 55,561 fishes from 32 species which
weighed 103.5 kg. The top five species made up over 98% of the total number of individuals. One
species, Atherinops affinis, predominated in numbers (76.7% of all fishes) and biomass (79.8%). This
dominance was reflected in the low overall H' diversity values for numbers (H} = 0.89) and bio-
mass (Hj = 0.84). Number of species, number of individuals, and biomass were greatest during the
spring and summer.

Quantitative clustering of species based on individual samples revealed five species groups which
reflected both microhabitat and seasonal differences in the littoral ichthyofauna. Species Group 1
was made up of five resident species—A. affinis, Fundulus parvipinnis, Clevelandia fos, Gillichthys
mirabilis, and Gambusia affinis. Species Groups II-VI were composed of summer and winter
periodics and rare species.

The mean annual production (9.35 g dry weight/m® determined by the Ricker production model)
of the littoral zone fishes was among the highest of reported values for comparable studies. Thishigh
annual production was mainly the result of the rapid growth of large numbers of juveniles that
utilized the littoral zone as a nursery ground. Young-of-the-year Atherinops affinis contributed 85%
of this total production.

Canonical correlation analysis indicated that temperature and salinity together may influence
littoral fish abundance. These two abiotic factors accounted for 83% of the variation in the abun-
dances of individual species. Emigration from the littoral zone, therefore, seems to be cued by
seasonal fluctuations in temperature and salinity. I propose that this offshore movement forms an
important energy link between the highly productive littoral zone and local, nearshore marine

environment.

Semienclosed bays and estuaries are among the
most productive areas on Earth, ranking with
oceanic regions of upwelling, African savannas,
coral reefs, and kelp beds (Haedrich and Hall
1976) in terms of animal tissue produced per
year. Bays and estuaries harbor large stocks of
nearshore fishes and are important feeding and
nursery grounds for many species of fish, in-
cluding commercially important ones. However,
the high produectivity of fishes is accompanied by
low diversity (Allen and Horn 1975) which prob-
ably reflects the stressful ecological conditionsin
bays and estuaries and the high physiological
cost of adaptation to them (Haedrich and Hall
1976). The few studies that have dealt with pro-
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ductivity in estuarine fishes were summarized
by Wiley et al, (1972) and Adams (1976b).

Utilization of temperate embayments by juve-
nile and adult fishes is markedly seasonal with
high abundances corresponding to the warmer,
highly productive months of spring through
autumn. Seasonal species typically spend one
spring-autumn period in the shallows of a bay
growing at an accelerated rate in the warm,
highly productive waters (Cronin and Mansueti
1971).

Most studies to date dealing with composition
and temporal changes of bay-estuarine fish
populations have been eonducted on the Gulf of
Mexico and Atlantic coasts of the United States
where estuaries are larger and more numerous
than those on the Pacific coast (e.g., Bechtel and
Copeland 1970; Dahlberg and Odum 1970; Der-
ickson and Price 1973; McErlean et al. 1973;
Qviatt and Nixon 1973; Recksiek and McCleave
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1973; Haedrich and Haedrich 1974; Targett and
McCleave 1974; Livingston 1976; Moore 1978;*
Shenker and Dean 1979; Orth and Heck 1980).
Although quantitative in nature, many of these
investigations suffer from the inefficient (Kjel-
son and Johnson 1978) trawl sampling gear used
and the high mobility of most fishes. Adams
(1976a, b) used dropnet samples to accurately
assess the density and productivity of the fishes
of two North Carolina eelgrass beds. Weinstein
et al. (1980) used a combination of block nets,
seines, and rotenone collections to derive accu-
rate quantitative estimates of fishes in shallow
marsh habitats in the Cape Fear River Estuary,
N.C.

Previous investigations of fishes in Newport
Bay have included a species list (Frey et al. 1970),
a general species account (Bane 1968), two indi-
vidual species accounts (Fronk 1969; Bane and
Robinson 1970), and two studies on the popula-
tion ecology of the fauna based on juveniles and
adults (Posejpal 1969; Allen 1976). An assess-
ment of the ichthyoplankton and demersal fish
populations during 1974-75 (Allen and White in
press) is the most comprehensive work to date.

LOWER BAY

FIGURE 1.—Map of upper Newport Bay, Orange County, Calif.,
with the locations of the three sampling stations.
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Despite these studies, a substantial component of
the ichthyofauna, the littoral fishes of the upper
bay (0-2 m depth from mean higher high water),
had not been adequately sampled. In a study of
the demersal ichthyofauna of Newport Bay dur-
ing 1974-75 (Allen 1976), I found that three—
Atherinops affinis, Fundulus parvipinnis, and
Cymatogaster aggregata—of the five most numer-
ous species were the ones that occurred in the
shallow water over the mudflats which cover
about 60-70% of the surface area of the upper bay
reserve. Despite their high numerical ranking,
the relative abundances of these littoral species
were underestimated because sampling was car-
ried out almost exclusively by otter trawls in the
deeper channels of the upper bay. The recogni-
tion of this gap in our knowledge served as the
impetus for the present study.

The main purposes of this study were to char-
acterize the littoral ichthyofauna of upper New-
port Bay quantitatively by 1) composition and
principal species, 2) diversity and seasonal dy-
namiecs, 3) productivity, and 4) key environ-
mental factors that are influencing this fish
assemblage.

METHODS AND MATERIALS
Study Area

Newport Bay (lat. 33°37'30”N, long. 117° 54’
20"W) is located in Orange County, Calif., 56 km
southeast of Los Angeles and 140 km north of the
Mexican border (Fig. 1). The upper portion is the
only large, relatively unaltered bay-estuarine
habitat in California south of Morro Bay (lat.
34.5°N). The low to moderately polluted lower
portion, commonly called Newport Harbor, has
been severely altered by dredging activities,
landfills, and bulkheads to accommodate more
than 9,000 boats. The study area, the upper two-
thirds of the upper bay, is bordered almost com-
pletely by marsh vegetation and mudflats. The
California Department of Fish and Game pur-
chased and set aside this area as an ecological
reserve in 1975.

Three stations, about 0.5 km in length, were
spaced evenly along the shore of the upper New-
port Bay (Fig. 1). Sampling was stratified based
on prior information on the uniqueness of the fish
fauna of the three areas(Allen 1976). Thisdesign
also allowed thorough coverage of the study area.
Each station was situated on a littoral (inter-
tidal) mudflat area adjacent to marsh vegetation
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and was divided into 10 numbered sections of
equal size. Selection of the section sampled each
month was random in order to satisfy statistical
assumptions and minimize the impact of sam-
pling on any particular section from month to
month. Each station included a tidal creek or
pool (panne) which was sampled on the marsh
islands.

Sampling Procedures

Monthly samples were taken at the three sta-
tions during the 13-mo period from January 1978
to January 1979 for a total of 39 station samples.
Sampling was carried out within +3 h of daytime
neap high tide to minimize tidal level effects.
Two days were usually required to sample three
stations, stations 1 and 2 the first day and station
3 the second.

Four types of sampling gear were employed at
each station as follows:

1) A15.2 m X 1.8 m bag seine (BS) with 6.4 mm
mesh in the wings and 3.2 mm mesh in the 1.8 X
1.8 X 1.8 m bag was used twice at each station.
Hauls were made by setting the net parallel to
and 15 m off the shore at adepth of 1-2 m. The BS
was then hauled to shore using 15 m polypropy-
lene lines attached to 1.8 m brails on each end of
the net. Each haul sampled an area of 220 m2

2) A 4.6 m X1.2msmallseine(SS)with3.2mm
mesh was pulled 10 m along and 2 m from the
shore (at a depth to 1 m) and pivoted to shore.
Two hauls were made in the inshore area and one
haul in the panne at each station. Each haul sam-
pled an area of 62.4 m® [One exception to the
sampling routine occurred at station 3 panne in
April 1978 when no sample was taken due to a
dry panne.]

3) A 2.45 X 2.45 X 1.0 m dropnet (DN) with 3.2
mm mesh was used to sample the water column
and bottom at 0.5-1.5 m depth. The DN was sus-
pended from a 5.0 X 5.0 X 1.0 m aluminum pipe
frame, released by pins at each corner. Two 191
plastic buckets were attached to each corner of
the frame for flotation. The net and frame were
maneuvered into position, anchored, and left un-
disturbed for 10 min. After release the DN was
pursed by the chain line and hauled to shore by
nylon line. The DN sampled an area of 6.0 m®.

4) A small, square enclosure (SE) was used in

conjunction with an anesthetic (quinaldine
mixed 1:5 with isopropyl aleohol) with the intent
of sampling small burrow inhabiting fishes,
especially gobies. The SE was constructed of
heavy duck material mounted on21.0X1.0 X 1.0
m collapsible frame of 25.0 mm PVC pipe and
sampled 1.0 m? of bottom. The SE was set at
three randomly chosen positions in an undis-
turbed portion of each station section at a depth
of 0.5-1.0 m. The bottom of the SE was forced into
the upper few centimeters of substrate and the
quinaldine mixture added to the enclosed water
column. The enclosed volume and shallow sub-
strate was then thoroughly searched for 10 min
using a long-handled dip net of 1.0 mm mesh.

A detailed comparison of the effectiveness of
these four methods is the subject of a separate
paper (Horn and Allen?).

Ten samples were taken at each of the three
stations each month (2 BS samples, 3 SS samples,
2 DN samples, 3 SE samples) for a total of 30
samples/mo and 289 samples over the study
(minus one SS haul in April 1978 at station 3).

Catches were either frozen on Dry Ice® or pre-
served in 10% buffered Formalin. Specimens
>150 mm SL were injected abdominally with
10% buffered Formalin. Subsamples of frozen
specimens were oven dried (40°C) for 48-72 h for
dry weight determination. Mean dry weights
were based on a minimum of 20 individuals/size-
class of each common species at each station each
month.

Data on six abiotic factors were recorded or
determined for each station: temperature, salin-
ity, dissolved oxygen, sediment particle size,
depth of capture (by individual samples), and
distance into the upper Newport Bay from the
Highway 1 bridge (see Fig. 1).

Production Estimation

Production is the total amount of tissue pro-
duced during any given time interval including
that of individuals which do not survive to the
end of that time interval (Ivlev 1966). Productiv-
ity is the rate of production of biomass per unit of
time (Wiley et al. 1972). Production of a fish stock

2Horn, M. H., and L. G. Allen. Comparison of methods for
sampling shallow-water estuarine fish populations. Manu-
ser. in prep. California State University, Fullerton, Fuller-
ton, CA 92634.

3Reference to trade names does not imply endorsement by
the National Marine Fisheries Service, NOAA,
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is the product of the density of fish and the
growth of the individuals (Ricker 1946).

An HP9100A program was developed with the
aid of Joel Weintraub (California State Univer-
sity, Fullerton) to calculate the production of
each recognizable size-class of the common spe-
cies, those which were collected in at least 2 con-
secutive months at each station. The model used
was that proposed by Ricker (1946) and modified
by Allen (1950) and is calculated as follows:

P =GB

log. W — log. Wy

where G = is the instanta-
At neous coeffi-
cient of growth;
=  B(&f%1) . .
B = —L(g—Z—) is the average biomass
o over the time interval;
— 1 e N - 1 e N . .
Z = (log. N og. Ny) is the instan-

At taneous coef-
ficient of population change of the immediate
sampling area (station) attributable to mortality
and migration;

B is the biomass density of fishes at #;; w;, w2 are
the mean weights of individuals at time ¢, and t,;
and Ny, N; are the numbers of fishes present at ¢,
and tz. G—Z is the net rate of increase in biomass
during At (1 mo).

The model assumes that production data need
not be corrected for immigration and emigration
of fishes in and out of the sampling area, pro-
vided the density and growth by size-class are
estimated frequently enough to accurately assess
the abundance and growth of fishes actually in
the sampling area (Chapman 1968).

In the present study, growth increments were
estimated from length-frequency data for fishes
from all three stations each month for each size-
class. The length data, therefore, were represen-
tative of the entire population of the size-class in
the upper Newport Bay and served to minimize
the effects which localized movements into and
out of a particular station have on monthly
growth values. The average weight, w, of a size-
class per month was calculated as follows: 1) Dry
weight equivalent for the median length in asize
interval (5 mm intervals) was determined using
standard length to dry weight curves for each
common species; 2) the proportion (range 0-1) of
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individuals represented in the size interval was
multiplied by the dry weight equivalent for the
interval; 3) the products were then summed for
all size intervals contained within the particular
size-class of the species yielding an average
weight, . This method proved to be more accu-
rate than simply taking the mean length of the
entire size-class and determining the dry weight
equivalent.

The “best estimate” of biomass density (B) for
each discernible size-class was determined in the
following manner: 1) The biomass density (wet
weight) derived from the method (BS, SS, DN, or
SE) shown to be most effective at sampling the
particular species was used. Table 1 Jists the spe-
cies with corresponding collecting gear ranked
by their effectiveness at capturing the species.
This list is based on a comparative study of the
sampling methods (Horn and Allen footnote 2);
2) if, as in a few cases, the biomassestimated was
inordinately high, due to a large catch in one
replicate sample, the estimate defaulted to the
next gear type in the rank order; 3) the biomass
estimate in wet weight was converted to a dry
weight (DW) equivalent by a conversion factor
determined for each species and entered into the
production model as B; (g DW/m?). Production is
the total of all positive values for size-classes dur-
ing a time period (1 mo in this case) at each sta-
tion. Negative values were due to sampling error
and emigration and were not included in produec-
tion estimates.

Large individuals (>100 mm SL) of Mugil
cephalus were not included in production esti-

TABLE 1.—Methods for best estimate of spe-
cies densities ranked by effectiveness (Horn
and Allen text footnote 2). BS = bag seine;
SS =small seine; DN =dropnet; SE =square

enclosure.
Methods ranked by

Species effectiveness
Atherinops affinis BS, S§
Fundulus parvipinnis §S, BS
Clevelandia ios SE, SS, DN
Anchoa compressa BS, SS, DN
Gambusia affinis 8§, BS
Cymatogaster aggregata BS, DN, SS
Gillichthys mirabilis S8, SE, BS
Anchoa delicatissima BS, SS
Mugil cephalus SS, 88
Engraulis mordax 8§, S8
Leuresthas tenuis BS, SS
Quistula ycauda DN, SS
Hlypnus gitberti DN, 88
Syngnathus spp. 85, DN
Hypsopsetta guttulata S8, DN
Lepomis macrochirus BS, S8
Lepomis cyanelius 83, 88
All other species BS, S8
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mates because quantitative estimates of densi-
ties could not be obtained for the large members
of this mobile species.

Data Analysis
Cumulative Species Curve

The cumulative number of species in Febru-
ary (low fish density) and June (high fish density)
was plotted against the number of samples taken
in order to assess the adequacy of sampling. Two
random sequences were used for the arrange-
ment of the 830 samples taken each month by the
four methods. Each method sampled a unique
subhabitat within the littoral zone. Cumulative
species curves (reflecting presence/absence)
were based on a combination of methods to in-
sure that all possible species occupying the lit-
toral zone at a particular time were represent-
ed.

Diversity

Both the Shannon-Wiener information func-
tion (Shannon and Weaver 1949) and species
richness were used as measures of diversity for
pooled station and upper bay samples. The Shan-
non-Wiener index reflects both species richness
and evenness in a sample.

Cluster Analysis and Canonical Correlation

The Ecological Analysis Package (EAP) de-
veloped by R. W. Smith was used at the Univer-
sity of Southern California Computer Center to
determine species associations (cluster analysis),
species abundance correlations to abiotic factors
(multiple regression subprogram), and possible
effects of abiotic factors on individual species
abundance (canonical correlation).

The cluster analysis utilized the Bray-Curtis
index of dissimilarity (Clifford and Stephenson
1975). This index allowed quantitative cluster-
ing without assuming normality in the sampled
population. A square-root transformation of spe-
cies counts was done to counter the tendency of
this index to overemphasize dominant species.

Canonical correlation analysis was used to de-
termine whether and to what extent abiotic fac-
tors interacted with individual species abun-
dances in the 39 station samples over the study
period. Two separate canonical correlation anal-
yses were made: The first run included six abiotic

factors—temperature (TEMP), salinity (SAL),
dissolved oxygen (DO), distance into the upper
bay from the Highway 1 bridge (DSTUPB), aver-
age particle size of the sediment (APRTSZ), and
depth of capture (DPTHCAP); the second in-
cluded only temperature and salinity to deter-
mine the amount of variation these two factors
accounted for alone.

RESULTS

Temperature and Salinity Patterns

Water temperatures of the littoral zone at all
three stations increased steadily during the peri-
od January-June from 14°-15°C to 26°-28°C (F'ig.
2). The temperatures remained high (>25°C)
throughout the summer months and then de-
clined gradually until November. Between No-
vember and December the temperature dropped
sharply at each station. Temperatures in the
pannes were generally higher than the tempera-

Station 1

Station 2

Temperature (°(C)

——e—- Panne

——— Inshore

Station 3

FIGURE 2.—Month-to-month variation (January 1978-January
1979) in water temperature (°C) for the alongshore area and
panne at each of the three sampling stations. (* =panne dried-
up.)
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tures along the shore especially in the summer
months (July-September). .

Salinity varied more than temperature (Fig. 3)
due to rainfall and periodic runoff from sur-
rounding urban areas. In general all stations had
low salinities during January through March
1978, a period of heavy rainfall. After May 1978,
salinities remained high (between 25 and 32 ppt)
with decreases in June 1978 (stations 1 and 3, un-
known cause), September 1978 (all stations due
to heavy rainfall), and January 1979 (station 3
due to rainfall). Panne salinities at station 1 were
consistently low (usually <6 ppt) indicating a
constant freshwater input. The pannes at sta-
tions 2 and 3, however, usually had salinities
equal to or higher than the alongshore area due
to evaporation.

Total Catch

Sampling during the 13-mo period yielded
55,561 individuals of 32 species that weighed a
total of 103.5 kg (Table 2).

40 Station 1

50 Station 2
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E - Panne
3 Inshore

Station 3 p—am
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FIGURE 3.—Month-to-month variation (January 1978-Janu-
ary 1979) in salinity (ppt) for the alongshore area and panne
at each of the three sampling stations. (* = panne dried-up.)
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Atherinops affinis greatly predominated in
numbers (76.7%) and biomass (79.9%). Fundulus
parvipinnis ranked second in both numbers
(12.1%) and biomass (7.6%), followed in order by
Gambusia affinis (5.5% numbers), Clevelandia
108 (2.4% numbers), and Anchoa compressa (1.2%
numbers). These five species accounted for 98%
of the total number of individuals and 96% of the
total biomass (Table 2). The skewed distribution
of number of individuals among species was re-
flected in the relatively low overall H' diversity
values of 0.89 for numbers (H4) and 0.84 for bio-
mass (Hf). The vast majority of individuals of
most species were either young-of-the-year or
juveniles.

Station 1—A total of 13,859 individuals repre-
senting 19 species was collected during the year.
The catch totaled 22.7 kg. All three of these totals
were the lowest of those from the three stations.
Overall H’ diversity for numbers was 1.17 and
for biomass, 0.89. Atherinops affinis ranked first
in numbers (55.2%) and biomass (76.7%) but was
less abundant here than at stations 2and 3. Gam-
busia affinis (20.6%) and Fundulus parvipinnis
(19.1%) were common at this station especially in
the panne.

Station 2—The greatest number of individuals
(24,813) and biomass (42.9 kg) were collected at
this site. Although 27 species were captured,
over 90% of these individuals were from one spe-
cies, Atherinops affinis. The large number of
attached eggs and small (<20 mm) fish caught in
July (62% of all A. affinis) indicated that this area
was a breeding site for A. affinis. Fundulus par-
vipinnis (4.4%) was seeond in numerical rank. H'
for numbers (0.49) and biomass (0.70) were low.

Station 3—A total of 16,889 fishes belonging to
23 species were obtained at this station. Ather-
inops affinis made up 74.4% of the individuals
and 78.8% of the 37.9 kg total biomass. Other im-
portant species in order of decreasing numerical
abundance were Fundulus parvipinnis (17.6%),
Clevelandia ios (3.4%), Cymatogaster aggregata
(1.3%), and Anchoa compressa(1.3%). Overall, Hy
and Hp were 0.87 and 0.85, respectively.

Cumulative Species Curves

Cumulative species curves from February and
June (Fig. 4) reached an asymptote before 20
samples (about 66% of total samples), indicating
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TABLE 2.—Monthly abundance and biomass for fish species inhabiting the littoral zone of upper Newport Bay totaled for stations 1-3 (January 1978-January 1979).

January 1978 February March Aprit May June July
Species No. Wt (g) No. Wt (g) No. Wt (g) No. wt (g) No. Wt (g) No. Wt (g) No. Wt (g)

Atherinops aftinis 15 70.5 5 158.3 4 92.0 15 59.1 322 1,212.1 6,296 2,377.6 19,817 19,093.3
Fundulus parvipinnis 377 315.7 208 198.3 181 90.4 17 207 35 92.2 89 1123 758 854.8
Gambusia affinis 46 103 23 71 g 3.2 5 2.8 56 71 235 1074 573 3429
Clevelandia ios 49 21.4 39 143 80 129 47 6.1 100 224 74 15.8 485 109.0
Anchoa compressa 26 829 1 1.2 15 294 136 629.3 317 4,393.4 98 1,154.6 77 920.5
Cymatogaster aggregata 11 11.5 141 196.8 4 5.7
Gillichthys mirabilis 12 24 38 5.9 14 35 5 10.0 17 39.6 49 1271 52 1414
Anchoa delicatissima 10 6.5 1 0.2 28 16.8 47 86.7 17 48.2 1 3.0
Mugil cephalus 41 78.0 11 71 1 15 1 555.5 1 550.0
Engraulis mordax 81 89.4
Leuresthes tenuis
Quietula ycauda 1 1.0 3 14 9 39 28 149
liypnus gilberti 3 0.5 10 1.0 24 6.5
Lepomis cyanellus 1 5.2
Syngnathus auliscus 4 36 10 8.7 4 3.3
Hypsopsetta guttulata 10 1.9 4 12.8 2 18.2
Lepomis macrochirus 2 8.1 4 22.2 2 41
Syngnathus leptorhynchus 1 2.1 2 26
Leptocottus armatus 1 1.0 2 4.7 1 i.6
Acanthogobius flavimanus 2 0.5 1 4.0
Paralichthys californicus 2 54
Pimephales promelas 2 0.2
Morone saxatilis 1 3171
Urolophus halleri
Mustelus californicus 1 58.0
Seriphus politus
Cynoscion nobilis 1 6.6
Sphyraena argentea
Girella nigricans 1 0.4
Symphurus atricauda 1 0.2
Porichthys myriaster
Umbrina roncador

Totals 579 596.8 334 420.2 335 254.8 287 1,384.3 1,029 6,577.9 6,882 4,248.3 21,907 21,667.6

n 10 12 10 1 15 14 16

H’ 1.29 1.46 1.33 1.27 137 1.55 1.61 122 1.76 1.07 0.44 1.24 0.46 0.56
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TABLE 2.—Continued.

August September October November December January 1979 Totals
Species No. Wt (g) No. Wt (g) No. Wt (g) No. Wt (g) No. Wt (g) No. Wt (g} No. % No. Wt (g) % Wt

Atherinops affinis 4,645 13,181.2 4,122 9,606.2 2,902 14,016.0 2,474 12,409.8 1,143 5,738.8 831 4,650.1 42,591 76.67 82,665.0 79.86
Fundulus parvipinnis 312 250.1 1,707 2,323.0 1,023 2,638.8 1,356 738.0 593 259.7 66 26.5 6,722 12.10 7,920.5 7.65
Gambusia affinis 252 424 1,029 3994 680 126.2 149 15.2 20 2.1 3,077 5.54 1,066.1 1.03
Clevelandia ios 68 16.4 151 18 66 16.3 142 313 28 39 5 1.1 1,334 2.40 312.7 0.30
Anchoa compressa 7 104.9 3 531 4 104.8 684 1.23 7.474.1 7.22
Cymatogaster aggregata 61 390.9 2 16.6 2 341 1 226 1 12.4 223 0.40 690.6 0.67
Gillichthys mirabilis 4 27.0 1 20.0 4 37.1 1 120 6 0.3 203 0.37 4263 0.41
Anchoa delicatissima 64 234.4 26 717 1 35 195 0.35 471.0 0.46
Mugil cephalus 68 13.3 9 15 132 0.24 1,206.9 117
Engraulis mordax 29 58.6 2 7.2 1 — 113 0.20 155.2 0.15
Leuresthes tenuis 85 57.8 3 23 88 0.16 60.1 0.06
Quietula ycauda 5 19 4 15 2 0.4 1 0.1 53 0.10 25.1 0.02
llypnus gilberti 1 0.1 38 0.07 8.1 0.01
Lepomis cyanellus N 49.3 32 0.06 545 0.05
Syngnathus auliscus 1 0.4 1 0.1 20 0.04 16.1 002
Hypsopsetta guttulata 1 29 2 0.2 19 0.03 36.1 0.03
Lepomis macrochirus 8 0.01 344 0.03
Syngnathus leptorhynchus 1 2.8 3 5.2 1 0.3 8 0.01 13.0 0.01
Leptocottus armatus 4 0.01 73 0.01
Acanthogobius flavimanus 3 0.01 45 <0.01
Paralichthys californicus 2 <0.01 54 0.01
Pimephales promelas 2 <0.01 0.2 <0.01
Morone saxatilis 1 <0.01 3171 0.31
Urolophus halleri 1 430.0 1 <0.01 430.0 0.42
Mustelus californicus 1 <0.01 58.0 0.06
Seriphus politus 1 0.3 1 <0.01 0.3 <0.01
Cynoscion nobilis 1 <0.01 6.6 0.01
Sphyraena argentea 1 4.2 1 <0.01 42 <0.01
Girella nigricans 1 <0.01 04 <0.01
Symphurus atricauda 1 <0.01 0.2 <0.01
Porichthys myriaster 1 0.1 1 <0.00 0.1 <0.01
Umbrina roncador 1 44.2 1 <0.01 442 0.04

Totals 5,507 14,7844 7111 12,648.7 4,686 16,950.7 4,129 13,247.8 1,853 6,040.4 922 4,692.4 55,561 103,514.3

n 14 13 11 1 6 9 32

H' 0.69 0.55 1.10 077 0.99 0.54 0.92 0.27 0.90 0.23 0.42 0.06 0.89 0.84
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FIGURE 4.—Cumulative number of species as a function of the
number of samples of all methods at stations 1-3 combined in
upper Newport Bay for two different months (February and
June 1978) during the study period. Curves were generated by
two random sequences for each month.

that the range of fish species in the area had been
adequately sampled by the four methods. Ac-
cumulation of species in June, however, was gen-
erally more rapid than in February.

Seasonal Abundance and Diversity

Fish abundance and diversity fluctuated
markedly during the 13 mo of the study (Fig. 5).
As a whole, the ichthyofauna of the littoral zone
showed increased species richness from 10 spe-
cies in January to 16 species in July 1978. The
number of species was elevated (>14) for the
entire spring-summer period from May to
August 1978. Richness then decreased through
the fall, reaching its lowest point of six speciesin
December 1978. Diversity H' values fluctuated
in a pattern opposite to that of species richness.
H} decreased during the summer from a high in
May of 1.76 to a low in June of 0.44. Hp also de-
creased sharply in summer but unlike Hx con-
tinued to decline for the remainder of the study.
Both the number of individuals and biomass be-
gan to increase dramatically during May 1978

and reached peaks of 21,907 individualsand 21.7
kg in June. Both numbers and biomass decreased
in August with number of individualsincreasing
again in September. Biomass declined once
again in September during a period of rainfall
and then increased in October. In the months
from October 1978 to January 1979 a rapid de-
cline in both numbers and biomass was evident
and was especially pronounced from November
to December. A greater number of individuals
(992-579) and much greater biomass (4,692-597
g) was obtained in January 1979 than in January
1978.

Species Associations

Cluster analysis based on individual samples
yielded five species groups which, upon further

H’ Diversity

2.0
\
x 1.0
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£
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FIGURE 5.-——Monthly variation (January 1978-January 1979)in
total number of species, diversity H' (for numbers, Hg, and
biomass, Hf), number of individuals and biomass (g) for fishes
collected by all methods at stations 1-3 combined in the littoral
zone of upper Newport Bay.
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examination, reflected both spatial (microhabi-,
tat) and seasonal differences in the littoral ich-
thyofauna (Fig. 6).

Group I was a loosely associated group of the
five resident species (maintain populations year
round in littoral zone) which could be further di-
vided into three subgroups. Subgroup A had only
one member, Atherinops affinis, an abundant
schooling species. Clevelandia ios and Gillich-
thys mirabilis which comprised subgroup B are
burrow-inhabiting gobiids of the shallows and
pannes. Subgroup C included two species, Fun-
dulus parvipinnis and Gambusia affinis, which
inhabited pannes and other high intertidal
areas. Clevelandia 10s, G. mirabilis, and F. par-
vipinnis are residents of salt marshes in Cali-
fornia and other west coast estuaries and are
probably the species most threatened by altera-
tions of these habitats.

Group 1I consisted of three midwater school-
ing species—Anchoa compressa, A. delicatis-
sima, and Cymatogaster aggregata—most of
which were caught mainly from January to
August.

Group III was made up of three distinctly sea-
sonal, benthic species: Two gobiids, Quietula
yeauda and Ilypnus gilberti, and a cottid, Lep-
tocottus armatus, which was relatively rare dur-

% DISTANCE
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ing 1978 compared with previous years (pers.
obs.).

Group IV included an engraulid, Engraulis
mordax, syngnathids, Syngnathus spp. (includ-
ing S. auliscus and S. leptorhynchus); and the
pleuronectid, Hypsopsetta guttulata. These spe-
cies were seasonally present in mid- to late sum-
mer. Members of this group were only loosely
associated (> 80% distance).

Group V was composed of four species which
were collected at times of low salinities. Lepomsis
macrochirus and juveniles of Mugil cephalus
were sampled together early in the year (Janu-
ary-March 1978). Lepomis cyanellus and Leures-
thes tenuis were found together only in Septem-
ber.

Group VI included 12 rare species, most of
which could be considered summer periodics in
the littoral zone in 1978. These were Umbrina
roneador, Urolophus halleri, Paralichthys cali-
Sornicus, Mustelus californicus, Cynoscion nobil-
1s, Acanthogobius flavimanus, Sphyraena argen-
tea, Girella migricans, Symphurus atricauda,
Porichthys myriaster, Morone saxatilis, and
Seriphus politus.

Members of the species groups identified in
the dendrogram (Fig. 6) are illustrated in dia-

140 120 100 80 60 40 20 ]
L 1 | L L L ! [
Atherinops affinis 1 A
I [ Clevelandia ios
Glllichthys mirabilis }B 1
l Fundul arvipinni:
Gambusi Pamr;ls ]-C
- e e _
Anchoa delicatissima
! Cymatogaster aggregata n
L Anchoa P
r Quistula yoauda -
_{ L llypnus gilberti n
Leptocottus armatus e
Engraufis mordax
__.r-l Syngnathus spp. W
e Hypsopsetta guttulata _
— Wugil coph
Lepomis macrochirus
Lep cyanell v
_{ Leuresthes tenuls

FIGURE 6.—Dendrogram of the clustering of littoral fish species by individual samples taken at stations 1-3 in
upper Newport Bay, five species groups (Roman numerals) are recognized according to the Bray-Curtis index
of dissimilarity (% distance). A, B, and C are subgroups of species Group 1.
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grams (Figs. 7-9), depicting occurrences in the
alongshore area or panne during three different
time periods (January-March 1978, April-Sep-
tember 1978, and October 1978-January 1979).
Only species with =5 individuals during each

time segment were included in the diagrams. E'f:’ NGO mO e o oo & 5
These diagrams illustrate the high degree of sea- 2515593935333383¢%8 f £
sonality within this fish assemblage. 2 z g
During the January-March 1978 period of _ s fg
heavy rainfall, members of three species groups g g %’ § % § % g g % § é g § § é % &x
§|O~NCO0O0COCCOO0O0O0CO o

(I, 11, and V) were present in relatively low abun-
dances (Fig. 7). A halocline existed at station 3

during this period, and Atherinops affinis was § 8 2 g 2
collected only seaward of the halocline at this sta- e ° © ¢
tion. Representatives of group V, Mugil cephalus o.
juveniles and Lepomis macrochirus, were found a °
associated with very low salinities. Large M.
cephalus were observed in both the channel and 3 § §
littoral areas during most of the year. 2l 3 @
The spring-summer period of April-Septem- 1 aecw o o
ber 1978 was characterized by increased water 3| 228 e g
temperatures and salinities, accompanied by in- Teee s -
creased numbers of species and individual fishes 4 & § - 83 %
(Fig. 8). Green algal beds, composed primarily of 3 S 5 g S5 S
Enteromorpha sp., Chaetomorpha linum, and e
Ulva, lobata, developed along the shore of the g| 85822 '§' g g
Bwoooo s o o

entire upper bay, and served as a nursery area

for large numbers of juvenile fishez. dAll.spe:}i\gs = 8 é 85 § 85 &
> 2
groups, except V, were represented during this 3| 538888 8§ g% @

time. Juveniles of Atherinops affinis occurred in

TABLE 3.—Monthly mean production (g DW/m? for individual species inhabiting the littoral zone (excluding panne) of upper Newport Bay (Feb-
ruary 1978-January 1979).

large numbers in the shallows with juvenile 2 §§vg 5388 2 § 5
M - oNCcOo [=]
Cymatogaster aggregata also being ab.unc.iant at %|sédcces & o &
station 3. Young-of-the-year F. parvipinnis were o onn v ¢
. : > D
very abundant in the pannes, especially at sta- F|g §8¢ g 5 g
tions 1 and 3. 8 ocoo S P S
By October the extensive algal beds had dis- A o5 osr g 2
appeared. The October 1978-January 1979 peri- <l g 83 38 g
od was marked by decreased number of species .
. - ™~
and abundance (Fig. 9). The only common spe- E g g8 5
cies were members of group I (residents) with a s So S
few juvenile M. cephalus representing group V. p 23y 8% o3
2 83389 28 85
.. =N == oo o o
Productivity
o s
N . 3 = hd
Annual production (mean of three stations by 37,;'% sod g §, 3
. RS =3
month) of the entire upper Newport Bay was 9.35 LR " 85 g% s5S_ $ -
ol = 2oaQg 2 N i~
g DW/m? per year (Table 3). Young-of-the-year I ggg 3 § g
. . . k3 S o =~
Atherinops affinis contributed 85.1% to total pro- P 8288 288 sg35, 2
ducti 4.9%) 83585503853 ¢E ¢
uction followed by Anchoa compressa (4.9% 25PE5885585558 8
S .32E3X2S3E€3N 0
TCLOCOTIIOUOSTI

and Fundulus parvipinnis (4.2%).

Productivity was highly seasonal with the
spring-summer period (April-September) ac-
counting for 75.9% of the total annual production
(Table 3, Fig. 10). Productivity, which was very
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JANUARY-MARCH 1978

—— —— ——

\Group 1t _

LEGEND

a5 Atherinops affinis &> Gillichthys mirabilis

A
Anchoa compressa

e»  Clevelandia ios

«$T0  G. mirabilis young-of-year

Mugil cephalus

<F8D  Fundulus parvipinnis <33 M. cephalus young-of-year
a0 F. parvipinnis young-of-year @3 Lepomis macrochirus

<z~ Gambusia affinis
Anchoa delicatissima

FIGURIE 7.— Diagrammatic representation of the principal species inhabiting the littoral zone (alongshore and panne) of upper Newport Bay during January-March
1978. Inclusion level for species was =5 individuals in the samples durin i i i ived i : i

clus 5 s = g the period. Dashed lines enclose species from groups deriv i
Arrows indicate inshore-offshore occurrence. frop ed in the dendrogram of Figure.
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APRIL-SEPTEMBER 1978

‘Qf\’% Atherinops affinis

<=2 A. affinis young-of-year

Z{“‘ﬁij” Anchoa compressa
Anchoa delicatissima
ex~2=  Clevelandia ios

€731 C. aggregata young-of-year
s~>  Syngnathus spp.

&= H. guttulata young-of-year

*Station 1 only

LEGEND

%> Engraulis mordax

<WO  Fundulus parvipinnis

¥ F. parvipinnis young-of-year
<=0  Gambusia affinis

o> Gillichthys mirabilis

=320 |llypnus gilberti
©ZiRs®  [eptocottus armatus

=S Quietula ycauda

Mugil cephalus

FIGURE 8.—Diagrammatic representation of the principal species inhabiting the littoral zone of upper Newport Bay during April-September 1978. Wavy vertica.I lines represent
the large algal beds present during this period. Other information is the same as in Figure 7. (Syngnathus spp. includes S. leptorhynchus and S. auliscus.)
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OCTOBER 1978-JANUARY 1979

LEGEND

o728 Atherinops affinis w20 Gambusia affinis

~2< A, affinis young-of-year
aSt» Gillichthys mirabilis

exzxs  Clevelandia ios

Mugii cephalvs

<<®0  Fundulus parvipinnis

< F, parvipinnis young-of-year
>3 M. cephalus young-of-year

*Station 1 only

FIGURE 9.—Diagrammatic representation of the principal species inhabiting the littoral zone of upper Newport Bay during October 1978-January 1979. Other information
as in Figure 7.
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8

MEAN PRODUCTION

(X + 2SE, gDWIM?)
-

o -
FMAMUJUJ ASONDUY

MONTHS (1978 - 1879)

FIGURE 10.—Monthly variation in mean production (?d: 2 SE,
g DW/m?) of the littoral fishes from three stations in upper
Newport Bay (February 1978-January 1979).

low from February to May 1978, increased rap-
idly from June to a peak in August (5.2 g DW/
m?). Monthly production then declined drastic-
ally in September, a period of heavy rainfall dur-
ing which many of the larger young-of-the-year
Atherinops affinis emigrated from the study
area. Production increased in October but then
showed a steady decline to zero in December, a
time of a sharp decrease in mean water tempera-
ture in the upper bay.

Relationship of Abiotic Factors to
Fish Abundance and Distribution

Temperature was found to have a significant,
positive correlation (P<0.01, df = 37) with num-
ber of species (r = 0.42), number of individuals
(r = 0.48), and biomass (r = 0.54) when station
totals were considered. Similarly, salinity was
significantly correlated with number of individ-
uals (» = 0.36) and biomass (r = 0.64) (Table 4).

Temperature was the factor which yielded the
highest number of significant correlations (6)
with individual species, followed by salinity, dis-
solved oxygen, distance into the upper bay, and
depth of capture, each with four (Table 4).

An analysis of intercorrelations among abiotic
factors yielded three significant (P<0.05, df =
37) positive relationships: 1) Temperature and
salinity (r = 0.48); 2) temperature and dissolved
oxygen (r = 0.53); and 3) dissolved oxygen and
distance into the upper bay (r = 0.32).

According to canonical correlation analysis,
the six abiotic variables accounted for 93% of the
variation in individual species abundances along
the first canonical axis (Table 6). A second run
indicated that 83% of the variation in species
abundances could be accounted for by tempera-
ture and salinity alone. This finding strongly
implies that interactive effects of temperature

TABLE 4.—Correlation coefficients () of individual sp_ecies rfumbers and of total number of
species, number of individuals, and biomass with six environmental factors. TEMP =
temperature, SAL = salinity, DO = dissolved oxygen, DSTUPB = distance into upper
Newport Bay from Highway 1 bridge, APRTSZ = average particle size of sediments,

DPTHCAP = depth of capture.

Abiotic factors

Species TEMP SAL DO DSTUPB APRTSZ DPTHCAP
Atherinops affinis 0.55** 057" 0.21. 0.00 —0.12 0.23
Fundulus parvipinnis 0.18 0.15 —0.31. 0.00 -0.06 0.03
Anchoa compressa 0.38" 021 0.35 ~0.01 0.05 0.24
Clevelandia ios 043" 0.22 0.08 -0.09 —-0.16 0.23
Mugil cephalus —0.62"" -0.29 —0.10.' 0.1 . 0.26 0.02
Gillichthys mirabilis 0.25 —0.22 0.44 0.31 0.01 0.00
Anchoa delicatissima 0.10 0.08 —0.22 —0.22“ 0.05 —0.02
Gambusia affinis 0.21 —0.25 0.16" 0.58 -0.07 -0.02
Hypsopsetta guttulata 0.30 0.21 0.43 _ggi -8(1)(1) 8'28
Cymatogaster aggregata 0.14 0.28' —0.01 k X .14.
Quietula ycauda 0.46"° 0‘35. 0.19 —0.16 0.01 0.35.
llypnus gitberti 0.39° 0.31 X 0.23 -0.10 0.11 0.33
Lepomis macrochirus -0.29 —0.44 —0.23 0.10 0.09 0.04
Lepomis cyanellus 0.06 —0.27 -0.28 0.16 —0.20 0‘05.
Engraulis mordax 0.22 0.16 0.00 0.13 -0.07 0.33
Leuresthes tenuis 0.16 0.14 -0.09 ~0.15 0.10 —0.01
Leptocottus armatus 0.29 0.13 0.38 —0.09 -0.01 0,05.
Syngnathus spp. 0.53 0.23 0.35 0.08 —0.07 0.33
Species totals (by station)

Ng. of species 0.42"" 0.05. — —_ - -
No. of individuals 0.48°" 0.36 —_ — — _
Biomass 0.54*" 0.64** —_ - — -

* = gignificant at 0.05 level.
** = gignificant at 0.01 level.
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TABLE 5.—Summary of two canonical cor-
relation runs of individual species abun-
dances against environmental variables.

Axis R? R x? df
Run No. 1 (6 environmental; 18 species)
1 0.93 0.96 212.9° 126
2 0.84 0.92 144.1* 102
3 0.73 0.85 96.3 80
Run No. 2 (temperature, salinity only, 18 species)
1 0.83 0.31 77.8° 6
2 0.61 0.78 26.5 17

* = significant at 0.01.

and salinity were important in influencing spe-
cies abundance.

The 18 most common species were ordinated
along temperature and salinity axes using sim-
ple correlation values () as an index of relative
influence of these two factors (Fig. 11). Thirteen
of the 18 species were positioned in the upper
right quadrant indicating that they were all
positively correlated with temperature and sa-
linity. Three species, Gambusia affinis, Gillich-
thys mirabilis, and Lepomis cyanellus, located in
the upper left quadrant correlated positively
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Correlation Coefficient {r) with Salinity

FIGURE 11.—Ordination of 18 common species of the littoral
zone of upper Newport Bay on correlation coefficients () for
temperature (y-axis) and salinity (x-axis). Dashed lines indi-
cate 0.05 significance levels. Aa-Atherinops.affinis, Ac-Anchoa
compressa, Ad-Anchoa delicatissima, Ca-Cymatogaster aggre-
gata, Ci-Clevelandia 108, Em- Engraulis mordax, Fp- Fundulus
parvipinms, Ga-Gambusia affinis, Gm-Gillichthys mirabilis,
Hg-Hypsopsetta guttulata, 1g-Ilyprus gilberti, La-Leptocottus
armatus, Lm-Lepomis macrochirus, Lt-Leuresthes tenuis, Mc-
Mugil cephalus, Qy-Quietula ycauda, Sspp-Syngnathus spp.
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with temperature, but negatively with salinity.
The lower left quadrant includes two species,
Lepomis macrochirus and Mugil cephalus, with
negative temperature and salinity influences. -
No species were positioned in the negative tem-
perature, positive salinity quadrant probably be-
cause this situation rarely occurred in the littoral
zone in 1978.

DISCUSSION

Composition, Diversity, and
Seasonal Dynamics

The ichthyofauna of the littoral zone in upper
Newport Bay was numerically dominated by a
few, low trophic-level species (five species ac-
counted for >98% of all specimens collected), a
situation similar to that found in many estuarine
fish populations (Allen and Horn 1975). Atherin-
ops affinis is an opportunistic feeder and has
been characterized as both a herbivore/detriti-
vore (Allen 1980) in upper Newport Bay and a
low-level carnivore (Fronk 1969; Quast 1968).
The second most abundant fish, Fundulus parvi-
pinnis, is a low-level carnivore that feeds on
small crustaceans and insects (Allen 1980; Fritz
1975). Gambusia affinis, Clevelandia ios, and
Anchoa compressa are, likewise, low-level carni-
vores, feeding mainly on insects, benthic micro-
invertebrates, and zooplankton (Allen 1980).

Large individuals of Mugil cephalus were not
sampled effectively, but probably constituted a
significant proportion of biomass within these
fish assemblages. Adult M. cephalus fed mainly
on detritus and pennate diatoms (Allen 1930).
This essentially herbivorous diet closely matches
that described by Odum (1970) for M. cephalus.

The overall H' diversity values (Hj range,
0.42-1.76; overall 0.89) for the littoral zone were
comparable to values derived from other studies
of bay-estuarine fish faunas and to other studies
in Newport Bay. Haedrich and Haedrich (1974)
derived values of 0.33-1.03 for Mystic River Es-
tuary, Mass.; Stephens et al. (1974) presented in-
dices of 0.65-2.08 for Los Angeles Harbor, Calif,;
Allen and Horn (1975) published values of 0.03-
1.11 for Colorado Lagoon, Alamitos Bay, Calif.;
and Quinn (1980) calculated values of 0.21-2.59
(overall 1.9) for Serpentine Creek in subtropical
Queensland. Using otter trawl data, I calculated
H}, values of 0.20-1.96 (overall 0.98) for the upper
Newport Bay in 1974-75 (Allen 1976). The con-
current bimonthly portion of this study (Horn
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and Allen 1981) obtained a bimonthly range for
numbers of 0.48-2.17 (overall 1.05) when the deep-
er channel areas were also sampled. The rela-
tively wide range of Hy values in all of the above
studies reflects the differential utilization of
these embayments by fishes on a seasonal basis.
At the same time, the low overall diversity re-
flects dominance both in numbers and biomass
by a few species. The seasonal usage has the
effect of increasing annual diversity, although
only one or two species dominate numerically at
any one time. The H' values for biomass (Hz
range 0.23-1.55; overall 0.84) were fairly close to
those for numbers and, again, mainly reflected
the dominance of A. affinis (~80%). In all, 26 of
the 32 reported species had young-of-the-year
fishes, making up a significant portion of their
populations. Fluctuations in juvenile population
levels had a substantial effect on the littoral fish
populations. Juvenile recruitment plus the im-
migration of adult fishes presumably for repro-
duction or for exploitation of high productivity in
warmer months were the principal causes for
seasonal changes in the ichthyofauna. These ac-
tivities reflect the widely recognized function of
bay-estuarine environments as spawning and
nursery grounds (Haedrich and Hall 1976).

The general pattern of increased number of
species and numbers of individuals during the
late spring through fall period in upper Nevyport
Bay has been observed in many other studies of
temperate bay-estuarine fishes (e.g., Pearcy and
Richards 1962; Dahlberg and Odum 1970; Allen
and Horn 1975; Adams 1976a). Several studies of
estuarine fish populations have, in addition, de-
tected summer depressions in abundance be-
tween peaks in spring and fall in other estuaries
(Livingston 1976; Horn 1980) and in lower New-
port Bay (Allen 1976).

Studies of subtropical estuarine fish popula-
tions have shown a trend in seasonal abundances
that is 6 mo out of phase with the above observa-
tions. Fish abundances were highest during the
winter months (November-March) in the Hui-
zache-Caimanero Lagoon of Mexico due to
increases in members of both demersal and pe-
lagic fishes (Amezcua-Linares 1977; Warburton
1978). This coastal lagoon system is subject to a
narrower range of temperatures over the year
(18.3°-27.9°C) than most temperate systems.
However, the Mexican system undergoes w;de
variation in salinity, especially during the rainy
season from July to October (see section Influ-
ence of Abiotic Factors).

Species Associations

Species groupings were subject to strong sea-
sonal influence and bore a striking resemblance
to the classification scheme of Atlantic nearshore
fish communities proposed by Tyler (1971). Ac-
cording to Tyler’s classification the Atlantic
nearshore fish communities can be divided into
regular and periodic components. Periodic com-
ponents can be winter seasonals, summer season-
als, or occasionals. The upper Newport Bay fish
assemblage had regulars (group I) and periodics
(groups II-V). The “anchovy” group (II), the
“goby” group (III), and the “Engraulis-Hypsop-
setta” group (IV) were all summer seasonals.
Group V had both winter seasonals in Mugil
cephalus and Lepomis macrochirus and summer
seasonals in Lepomis cyanellus and Leuresthes
tenuis. The latter group, however, could best be
characterized by the affinity of its components to
lower salinities rather than to a particular time
of year. The occasional component was repre-
sented by the 12 species of group VI which also
occurred in the summer. Thus Tyler’s classifi-
cation may have a broader application than he
originally proposed, and perhaps holds true for
many estuarine ichthyofaunas.

Species Densities and Productivity

Density estimates for some species of littoral
fishes are particularly difficult to obtain. Such
species include small, burrow-inhabiting fishes
of the family Gobiidae and other small benthic
fishes such as killifishes, flatfishes, and sculpins
which escape under a seine or through the mesh
of various nets. This study attempted to obtain
density values for all littoral fishes, especially for
the elusive species listed above. By setting up the
procedure for choosing the “best estimate” of
density from among four different sampling
methods, actual densities of the species have
been more closely approximated.

If the biomass density of Atherinops affinisfor
the entire study is calculated by dividing its total
biomass by the total area of coverage by all four
sampling gears, a biomass density of 3.3g/m?(or
about 0.83 g DW/m?) is obtained. This density
value is lower than the estimate of 1.16 g DW/m?
derived through the best estimate process(Table
6). In this particular case, most densities were
mean values of six bag seines which were very
effective (99%) at capturing A. affinis (Horn and
Allen footnote 2). Biomass density for the gobiid,
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TABLE 6.—Grand mean estimate of bio- .
mass density (g DW/m?) for common spe-
cies in the littoral zone (excluding panne)
over the 13-mo period (January 1978-Janu-
ary 1979) from the best estimate criteria.

X g DW/m?+1 SE

0.1043+0.0602
1.1590+0.2573
0.10641+0.0223
0.001540.0028
0.02611+0.0117
0.1185:+0.0493
0.0167+0.0158

Species

Atherinops affinis (aduit)
A. aflinis

Fundulus parvipinnis
Gambusia affinis
Clevelandia ios

Anchoa compressa
Cymatogaster aggregata

Gillichthys mirabilis 0.01311+0.0035
Anchoa delicatissima 0.00771+0.0053
Mugil cephalus 0.002410.0018
Quietula ycauda 0.0029+0.0025
Hlypnus gilberti 0.0021:+£0.0021
Hypsopsetta guttulata 0.0043+0.0035
Engraulis mordax 0.00191+0.0018
Lepomis macrochirus 0.00061:0.0005
Lepomis cyanellus 0.0003+0.0001

1.5688 g DW/m?

Clevelandia t0s, determined by total area cover-
age was 0.013 g/m? (about 0.008 g DW/m?). The
value based on best estimate (using square enclo-
sures and small seine estimates) was about 10
times higher at 0.03 g DW/m® This large dis-
crepancy is due to the low efficiency of the bag
seine for capturing this species. Since the bag
seine covered the largest area of any of the sam-
pling gears (220 m?), its addition to the density
determination for C. ios led to the large under-
estimate. The total biomass density of all species
by total area was 4.13 g/m? (or about 1.02 g DW/
m?) which again was lower than the best estimate
grand mean density of 1.57 g DW/m?

Average standing stock for the upper bay spe-
cies during 1978 was 784 kg DW, based on an
estimate of 50 ha of habitable littoral zone in
upper Newport Bay. This is equivalent to 3,136
kg (wet weight) or 6,899 b of fish. By the same
procedure, the average standing stock of A.
affinis was 631.6 kg DW and that of C. 0s, 13.1
kg DW,

The annual production of 9.35 g DW/m?for the
upper Newport Bay littoral zone in 1978 ranked
among the highest values recorded for studies
with comparable production determinations of
production models (Table 7).

The Newport Bay production estimate in 1978
was surpassed only by the estimate for Fundulus
heteroclitus (Meredith and Lotrich 1979), an es-
tuarine species of the east coast of the United
States. Fundulus heteroclitus represented a very
efficient energy link between the marsh and the
littoral zone in their study. However, as Mere-
dith and Lotrich pointed out, the production
value may be an overestimation due to the under-
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estimation of the area of marsh utilized by the
fish. The value 4.6 g DW/m?®obtained by Adams
(1976b) for fishes inhabiting east coast eelgrass
beds, which are acknowledged as highly produc-
tive areas, is half the estimate for the littoral zone
of upper Newport Bay.

Short food chains have been implicated as the
primary reason for high production in estuarine
fish communities (Adams 1976b), a contention
which is supported by the findings of this study.
Young-of-the-year Atherinops affinis accounted
for 85% of the annual production and formed a
direct link through their herbivorous/detritivor-
ous diet to the high primary productivity of this
estuarine system. The remaining, numerically
important species of the littoral zone were low-
level carnivores. There is little doubt that this
assemblage represents an example of “food chain
telescoping” as described by Odum (1970).

Even though the fish production in the littoral
zone of upper Newport Bay was high compared
with most comparable studies, the value pre-
sented here is undoubtedly an underestimate.
The largest species of the system, adult Mugil
cephalus, was not represented in the production
estimates due to inadequate sampling. Inclusion
of this species would have substantially increased
the production value. Itisunlikely, however, that
productivity of adult M. cephalus could approach
that of juvenile Atherinops affinis which were
responsible for 85% of the annual fish produe-
tion.

Influence of Abiotic Factors

The positive correlations between tempera-
ture and total abundance, biomass and number
of species, and between salinity and total abun-
dance and biomass indicate the general impor-

TABLE 7.—Comparison of annual fish production (P) for ma-
rine or estuarine studies with comparable preduction determi-
nations. Wet weights were converted by multiplying by 0.25.
Values are for all species except where noted.

Estimated
annual P
Locaie and habitat Study (g DW/m?
Delaware salt marsh creek Meredith and Lotrich
(Fundulus heteroclitus) {1979) 10.2
Newport Bay littoral zone present study 9.4
Mexican coastal lagoon Warburton (1979) 8.6
Cuban freshwater tagoons Holcik (1970) 6.2
No. Carolina eelgrass beds Adams (1976b) 4.6
Bermuda Coral Resef Bardach (1959) 4.3
Texas lagoon (Laguna Madre) Hellier (1962) 3.8
English Channel pelagic
and demersal fishes Harvey (1951) 1.0
Georges Bank commercial
fishes Clarke {1946) 04




ALLEN: LITTORAL FISH ASSEMBLAGE

tance of these factors to this assemblage. Indi-
vidual correlations between abiotic factors and
species abundances likewise emphasized the im-
portance of temperature and salinity. The corre-
lations between individual species abundances
and dissolved oxygen as well as distance into the
upper Newport Bay could be due to the intercor-
relations of both dissolved oxygen and distance
with temperature.

Intercorrelations among factors can confound
the interpretation of relationships and introduce
redundancy in multivariate analyses. The rela-
tionship between dissolved oxygen and distance
into the upper Newport Bay is intuitive consider-
ing its shallow depths. The positive relationship
between temperature and dissolved oxygen was
probably due to photosynthesis by green algae
during the summer. Winter rainfall in the basic-
ally Mediterranean climate of southern Califor-
nia was responsible for the positive correlation
between temperature and salinity found in New-
port Bay. This relationship is by no means abso-
lute, as evidenced by the low salinities encoun-
tered during the tropical rains of September
1978 when temperatures were high.

The results of the second canonical correlation
analysis indicate that interaction between tem-
perature and salinity explained most of the vari-
ability in species abundance in this system. The
correlation between these two abiotic factors
probably inflated the R? value slightly, but does
not negate the overall findings. Ordination of in-
dividual species by correlation coefficients with
temperature and salinity underscores the influ-
ences of these factors on individual species. Fur-
thermore, the substantial decrease in numbers of
A. affinis at station 1 and the somewhat smaller
decrease at station 3 during September rains
(low salinity) and relatively high temperatures
also illustrate this temperature-salinity inter-
action.

I propose that an important consequence of
temperature-salinity influence found in the
bresent study is the transfer of biomass and,
therefore, energy from the littoral zone to the
adjacent channel and ultimately to local offshore
areas via migration of fishes. This mechanism
for energy transfer was best illustrated by the
apparent emigration of a large portion of the 0-
age class A. affinis from the littoral zone from
September to December 1978. The transfer also
included the biomass produced by essentially all
of the periodic species. Weinstein et al. (1980)
reached a similar conclusion in their study of the

fishes in shallow marsh habitat of a North Caro-
lina estuary. An extensive mark and recapture
study should be planned to test this hypothesis in
the future.

Seasonal fluctuations of temperate bay-estua-
rine fish populations may have several causes,
but temperature and salinity seem frequently to
be the underlying factors. The pattern of in-
creased number of species and individuals with
increased temperature in temperate bays and
estuaries has been reviewed by Allen and Horn
(1975). Recently the large-scale influence of sa-
linity on bay-estuarine fish populations has been
demonstrated by Weinstein et al. (1980) for Cape
Fear River Estuary, N.C. Unfortunately, any
salinity interaction with temperature was not in-
vestigated or discussed in the above study.

Studies of subtropical estuaries (Amezcua-
Linares 1977; Warburton 1978; Quinn 1980) in-
dicate that salinity may have greater influence
on fish populations, since annual temperature
ranges are narrower than in temperate bays and
estuaries. In each of the above studies on sub-
tropical estuaries, increased abundances cor-
responded to the season of low rainfall and there-
fore high salinity. Blaber and Blaber (1981) con-
cluded that turbidity and not temperature and
salinity was the single most important factor to
the distribution of juvenile fishes in subtropical
Moreton Bay, Queensland. However, Blaber and
Blaber (1981) did not present statistical evidence
to support this contention. The most important
environmental factors influencing tropical estu-
arine (eelgrass) ichthyofaunas are more difficult
to identify (Weinstein and Heck 1979; Robertson
1980) and probably include biotic factors such as
prey availability, competitors, predators, as well
as abiotic factors. Biotic interactions are un-
doubtedly important in temperate estuarine sys-
tems including upper Newport Bay. However,
their overall influence on the system is probably
swamped by large fluctuations in the physical
environment.

Fluctuations in rainfall and temperature re-
gimes during a year and from year to year can
have marked effects on the ichthyofauna of estu-
aries. Moore (1978) has identified long-term
(1966-73) fluctuations in summer fish popula-
tions in Aransas Bay, Tex. He found that diver-
sity values (H' range of 1.38-2.13) were quite
variable from year to year probably as a result of
major climatological changes (an unusually wet
year; a drought and two hurricanes). These
changes in diversity values were probably caused
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by changes in abundance within a set of resident.,
estuarine species and of periodic species.

In 1978 the ichthyofauna of upper Newport
Bay was subjected to rainfall twice thatof a“nor-
mal” year (70.9 ¢m for 1978; mean 28.1 ¢cm). The
specific effects of this increased precipitation are
difficult to assess due to a lack of data from pre-
vious years but some guarded comparisons can
be made. Population densities of Atherinops
affinis were lower in 1974-75 than those encoun-
tered during 1978 (Allen 1976). Also Cymato-
gaster aggregata, Clevelandia 1os, and Leptocot-
tus armatus occurred in lower numbers in 1978
than in previous years (Horn and Allen 1981).
These discrepancies point out the strong year-
to-year fluctuations that occur in the fish popula-
tions of upper Newport Bay. This conelusionisin
complete agreement with the findings of Moore
(1978) and sheds doubt on the possibility of com-
pletely characterizing a “normal” year in many
estuaries because of unpredictable annual varia-
tions in climate.
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